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A MAGNETIC CORE

(57)  Magnetic core for a balun, balun with a magnetic
core and method for manufacturing a magnetic core. In
particular, a magnetic core is provided comprising mul-
tiple core elements, wherein the individual core elements
are concentrically arranged. Furthermore, a heat sink is
arranged between two adjacent core elements. By using
multiple core elements for a magnetic core, the individual

core elements can be adapted to different frequency
ranges. In this way, the magnetic core may be used for
a balun having a broad frequency range. Furthermore,
thermal energy generated in the magnetic core can be
dissipated by the heat sinks between the individual core
elements. In this way, the power handling capability of
the magnetic

Printed by Jouve, 75001 PARIS (FR)



1 EP 3 608 925 A1 2

Description
TECHNICAL FIELD

[0001] The presentinventionrelatestoamagneticcore
for a balun, a symmetrical balun with a magnetic core,
and a method for manufacturing a magnetic core for a
balun.

BACKGROUND

[0002] A balun is a device which is used as transition
between an unbalanced line and a balanced line. An un-
balanced two-wireline may be a line wherein one of the
two conductors is grounded, for example a coaxial cable
with the outer shield grounded. A balanced two-wireline
may be a line in which none of the two conductors is
grounded and wherein both wires have almost identical
impedances to ground. Accordingly, a balun may be a
transformer which allows isolation of the unbalanced line
from the balanced line. The use of such a transformer
also allows impedance matching from the unbalanced
line to the balanced line.

[0003] An essential component of a balun may be a
magnetic core of the balun. The properties of a magnetic
core in a balun may be adapted depending on the desired
application. For example, the magnetic core has to be
adapted depending on a desired frequency range and
the power of a signal which shall be converted by the
balun.

[0004] Against this background, an object of the
present invention is to provide an improved magnetic
core for a balun which can be used in a broad frequency
range. Further, the present invention aims to provide a
magnetic core for a balun with high power dissipation,
for example with power dissipation due to magnetic loss-
es.

SUMMARY

[0005] The present invention solves this object by a
magnetic core, a balun and a method for manufacturing
a magnetic core with the features of the independent
claims. Further advantageous embodiments are subject
matter of the dependent claims.

[0006] According to a first aspect, a magnetic core for
a balun is provided. The magnetic core comprises a
number of at least two core elements and at least one
heat sink. The number of core elements and the at least
one heat sink are arranged in a concentric manner. In
particular, the at least one heat sink is arranged between
the number of core elements. In case there are more
than two core elements, a separate heat sink may be
arranged between two core elements, respectively.
[0007] According to a second aspect, a balun is pro-
vided. The balun comprises at least one magnetic core
according to the first aspect of the present invention. In
particular, the balun may be a symmetrical balun.
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[0008] According to a third aspect, a method for man-
ufacturing a magnetic core for a balun is provided. The
method comprises a step of providing a number of at
least two core elements; and a step of providing at least
one heat sink. The method further comprises a step of
arranging the number of core elements and the at least
one heat sink concentrically. In particular, the at least
one heat sink is arranged between the number of core
elements. In case there are more than two core elements,
a separate heat sink may be arranged between two core
elements, respectively.

[0009] The presentinvention is based on the fact that
a magnetic core is an essential element of a balun. The
properties of a balun such as frequency range, thermal
load-bearing capacity and consequently power handling
capability are limited by the properties of the magnetic
core of a balun.

[0010] The present invention therefore takes into ac-
count this finding and aims to provide an improved mag-
netic core. In particular, the present invention aims to
provide a magnetic core for a balun which can be used
over a wide frequency range, and therefore achieving a
higher bandwidth of the balun. Furthermore, the present
invention aims to provide a magnetic core for a balun
with a higher power handling capability.

[0011] Forthis purpose, the presentinvention provides
amagnetic core comprising multiple core elements which
are arranged in a concentric manner. Accordingly, the
multiple magnetic cores are arranged such that all mag-
netic cores comprise a common axis of symmetry. Fur-
thermore, the individual core elements are separated by
one or more heat sinks. In particular, a heat sink is ar-
ranged between two adjacent core elements.

[0012] By using more than one core element, each
core element of the number of at least two core elements
may be adapted to predetermined properties, for exam-
ple to a predetermined frequency range. By using more
than one core element, each core element may be opti-
mized for another frequency range. Thus, the frequency
range of the magnetic core comprising multiple core el-
ements may be expanded based on a combination of the
individual frequency range of each core element. For ex-
ample, the frequency range of a core element may be
adapted based on the material or material composition
used for a core element, a thickness and/or length of a
core element or another parameter characterizing the
respective core element. Accordingly, the frequency
range, i.e. the bandwidth of a balun comprising such a
magnetic core may be expanded based on a combination
of the frequency ranges of the individual core elements.
[0013] By arranging heat sinks between the individual
core elements, thermal energy generated by the core
elements may be dissipated. For example, the energy of
the magnetic losses in the core elements may be dissi-
pated by the heat sink arranged in a thermal connection
to a magnetic core. In this way, the thermal energy may
be dissipated from the magnetic core elements by the
heat sink and thus, the power handling capability of the
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magnetic core can be increased. For example, parasitic
resonances may be eliminated by damping the resonanc-
es, and the thermal energy caused due to the damping
of the resonances may be dissipated by the respective
heat sinks.

[0014] Furthermore, by arranging a heat sink between
two core elements, the individual core elements may be
arranged spaced apart from each other, and the arrange-
ment of the multiple core elements can be mechanically
stabilized by the heat sinks between the core elements.
In this way, a solid arrangement comprising multiple core
elements can be achieved.

[0015] Further embodiments of the present invention
are subject of the further subclaims and of the following
description, referring to the drawings.

[0016] In a possible embodiment, the magnetic core
comprises at least two core elements and at least two
heat sinks.

[0017] Furthermore, it may be possible that the mag-
netic core may comprise even more than three core el-
ements. In particular, a separate heat sink may be ar-
ranged between two adjacent core elements. Hence, the
number of heat sinks may be one smaller than the
number of core elements. By using multiple core ele-
ments, the characteristics of the magnetic core and there-
fore of a balun with such a magnetic core can be adapted
in a broad range, in particular a broad frequency range.
[0018] In a possible embodiment, each core element
of the number of core elements comprises a ferrite.
[0019] A ferrite is a ceramic material comprising
iron(lll)oxide and small portions of one or more additional
metallic elements. In particular, the magnetic core may
comprise a soft ferrite. Soft ferrites have a low coercivity
so they easily change their magnetization. However, any
other appropriate material, in particular any appropriate
soft magnetic material may be also used for the core
elements of the magnet core.

[0020] In a possible embodiment, each core element
of the number of core elements comprises a same ma-
terial.

[0021] For example, all core elements of the magnetic
core may be manufactured by a same soft magnetic ma-
terial. By using the same material for all core elements,
the physical properties of the individual core elements
are the same and thus, thermal strength or the like may
be avoided.

[0022] In an alternative embodiment, the materials of
each core element of the number of core elements are
different.

[0023] By using different materials for the individual
core elements, the properties, for example the frequency
range or the bandwidth of the individual core elements
can be easily adapted. For example, different soft mag-
netic materials may be used for manufacturing the indi-
vidual core elements. For example, a different type of
ferrite may be used for each core element of the number
of core elements. In particular, a first ferrite may be used
in an inner core which is adapted for a higher frequency
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range, and another ferrite may be used in an outer core
which is related to a lower frequency range.

[0024] Ina possible embodiment, the atleast one heat
sink comprises a metallic or ceramic material.

[0025] Furthermore, any kind of material having an ap-
propriate thermal conductivity may be used for the atleast
one heat sink. If more than one heat sink is applied in
the magnetic core, the individual heat sinks may com-
prise a same material. Alternatively, it may be also pos-
sible to use different materials for the individual heat
sinks.

[0026] By using an electrically conductive material for
the heat sinks, the heat sink may also provide a shielding
against stray fields. In this way, the high frequency per-
formance may be further improved.

[0027] However, any other appropriate material may
be also used. For example polytetrafluorethylene (PTFE,
"Teflon") or another polymer may be used for a heat sink.
[0028] In a possible embodiment, each core element
of the number of core elements is adapted to achieve a
predetermined bandwidth of the balun.

[0029] Higher frequencies may magnetize only the in-
nermost core, or only some of the inner cores. In contrast
to this, lower frequencies may also magnetize the outer
core elements. By adapting the properties of the individ-
ual core elements, for example by selecting different ma-
terials, a different size for the individual core elements or
the like, the properties of the magnetic core in particular
with respectto the individual frequencies may be adapted
accordingly.

[0030] In a possible embodiment, the number of core
elements may have a cylindrical shape. Additionally or
alternatively, the at least one heat sink has a cylindrical
shape. In particular, the core elements and/or the at least
one heat sink may have a hollow cylindrical shape.
[0031] By using hollow cylinders for the core elements
and the heat sinks, the assembly of the magnetic core
based on the multiple core elements and the heat sink
can be simplified. For example, the individual compo-
nents may be pressed together. However, any other type
of assembling the magnetic core may be also possible.
Furthermore, it may be also possible to use core ele-
ments and heat sinks having another appropriate shape,
for example an elliptical shape, a rectangular shape or
squared cross section, etc.

[0032] In a possible embodiment, each of the at least
one heat sinks is arranged in thermal connection with
two adjacent core elements. The thermal connection be-
tween the heat sink and the core elements may be
achieved, for example by arranging the heat sink close
to the related core elements without any significant
space. Furthermore, a thermal compound or a thermal
conductive glue may be used for a thermal connection
between the heat sink and the core elements.

[0033] In a possible embodiment, the magnetic core
may further comprise a cooler. The cooler may be ther-
mally coupled with the at least one heat sink. The cooler
may be adapted to dissipate thermal energy from the at
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least one heat sink.

[0034] By applying an additional cooler for dissipating
the thermal energy, the thermal energy generated in the
magnetic core may be efficiently dissipated. The cooler
may be any kind of appropriate cooler. In particular, the
cooler may be an active cooler or a passive cooler having
a large surface for dissipating the thermal energy.
[0035] In apossible embodiment, the cooler may com-
prise a liquid cooling device.

[0036] The liquid cooling device may comprise a liquid
or a fluid for transferring the thermal energy from the heat
sink to another spatial location for dissipating the thermal
energy. For example, the liquid may comprise water or
any other kind of fluid.

[0037] In apossible embodiment, the cooler may com-
prise an air cooling device.

[0038] Forexample, the cooler may comprise a device
for dissipating the thermal energy by means of forced air.
For this purpose, a fan or the like may be used.

[0039] In a possible embodiment of the balun, the bal-
un may comprise a symmetrical balun.

[0040] For example, the balun may be a 1:1 balun. In
particular, animpedance of the unbalanced transmission
line may correspond to an impedance of the symmetrical
transmission line. The balun may provide a 1:1 current
transformation. The balun may also provide a 1:1 voltage
transformation.

[0041] However,itmay also possible to apply the mag-
netic core in any other kind of balun. For example, the
balun may be part of a balun providing a 1:4 transforma-
tion of any other transformation ratio.

[0042] The balun may be used in any kind of radio fre-
quency device. For example, the balun may be used in
an amplifier, a measurement device, for coupling an an-
tenna, etc.

[0043] With the present invention it is therefore now
possible to realize a balun for a transition between an
unbalanced line and a balanced line, wherein the balun
may have a broad bandwidth and a high power handling
capability. For this purpose, the magnetic core is realized
by multiple core elements in a concentric configuration.
Between the individual core elements, additional heat
sinks are arranged for dissipating the thermal energy
generated in the core elements. In this way, a very com-
pact balun assembly can be achieved providing an opti-
mal use of volumetric space.

BRIEF DESCRIPTION OF THE DRAWINGS

[0044] For a more complete understanding of the
present invention and advantages thereof, reference is
now made to the following description taken in conjunc-
tion with the accompanying drawings. The invention is
explained in more detail below using exemplary embod-
iments which are specified in the schematic figures of
the drawings, in which:

Fig. 1  shows a cross-section of a magnetic core ac-
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cording to an embodiment of the present inven-
tion;
Fig.2 shows a cross-section of a magnetic core ac-
cording to another embodiment of the present
invention;
Fig. 3  shows schematic view of a magnetic core ac-
cording to an embodiment of the present inven-
tion;
Fig.4  shows a circuit diagram of a balun according to
an embodiment of the present invention;
Fig. 5 shows a circuit diagram of a balun according to
a further embodiment of the present invention;
and
Fig.6  shows a block diagram of an embodiment of a
method according to the present invention.

[0045] Theappendeddrawings areintended to provide
further understanding of the embodiments of the inven-
tion. They illustrate embodiments and, in conjunction with
the description, help to explain principles and concepts
of the invention. Other embodiments and many of the
advantages mentioned become apparent in view of the
drawings. The elements in the drawings are not neces-
sarily shown to scale.

[0046] Inthedrawings, like, functionally equivalentand
identically operating elements, features and components
are provided with like reference signs in each case, un-
less stated otherwise.

DETAILED DESCRIPTION OF THE DRAWINGS

[0047] Fig. 1 shows a cross-section of a magnetic core
1 according to an embodiment. The magnetic core 1 may
be used, for example for a balun. As can be seen in Fig.
1, the magnetic core 1 may comprise a number of at least
two core elements 11, 12. Furthermore, the magnetic
core 1 comprises at least one heat sink 21. The heat sink
21 is arranged between the two core elements 11, 12.
The core elements 11, 12 may be manufactured as hol-
low cylinders. Accordingly, the heat sink 21 may be also
have a shape of a hollow cylinder. In particular, the di-
mensions of the two core elements 11, 12 and the heat
sink 21 may be such that the individual elements fit right
into each other. In other words, the outer diameter of the
inner core element 11 almost corresponds to the inner
diameter of the heat sink 21. Accordingly, the inner di-
ameter of the outer core element 12 almost corresponds
to the outer diameter of the heat sink 21. In this way, a
thermal connection between the heat sink 21 and the
core elements 11, 12 can be achieved.

[0048] For example, the core elements 11, 12 and the
heat sink 21 may be pressed together. However, it may
be also possible that a thermal conductive glue may be
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used to combine the core elements 11, 12 and the heat
sink 21. Furthermore, a thermal compound may be used
for thermally coupling the heat sink 21 and the core ele-
ments 11, 12.

[0049] As can be further seen in Fig. 1 the innermost
core element 11 may be a hollow cylinder, i.e. the inner-
most core element 11 may have an inner opening. In this
way, one or more conductors may be put through this
opening when building a balun.

[0050] Fig. 2 shows a further embodiment of a mag-
netic core 1. The magnetic core 1 according to Fig. 2
mainly corresponds to the previously described magnetic
core 1. Thus, explanation in connection with Fig. 1 also
applies to the magnetic core 1 of Fig. 2, and vice versa,
the explanation in connection with Fig. 2 may be also
applied to the magnetic core of Fig. 1.

[0051] The magnetic core 1 in Fig. 2 differs from the
previously described magnetic core 1 in that the magnetic
core 1 according to Fig. 2 comprises a further core ele-
ment 13 and a further heat sink 22. However, it is under-
stood that the present invention is not limited to only two
or three magnetic core elements 11, 12, 13 and one or
two heat sinks 21, 22. Furthermore, any appropriate
number of core elements 11, 12, 13 and any appropriate
number of heat sinks 21, 22 may be used. In particular,
the number of core elements 11, 12, 13 may be one great-
er than the number of heat sinks 21, 22.

[0052] The individual core elements 11, 12, 13 may be
all manufactured by a same material. In particular, an
appropriate ferrite, such as a soft magnetic ferrite may
be used for the core elements 11, 12, 13. However, it is
understood that any other appropriate material for a mag-
netic core may be also used. By adapting the size of the
individual core elements 11, 12, 13, the characteristic
properties of the individual core elements may be adapt-
ed. For example, if a signal is transmitted through the
inner opening of the magnetic core 1, the higher frequen-
cies will only magnetize the innermost core element 11.
Hence, the dimensions of the innermost core element 11
may be adapted based on the desired properties for the
higher frequency components. Furthermore, lower fre-
quency components of a signal which is guided through
the inner opening of the magnetic core 1 will magnetize
not only the innermost core element 11, but also further
core elements 12 and 13. Thus, the dimensions of the
further core elements 12, 13 may be adapted depending
on the respective frequencies which magnetize the cor-
responding core elements 12, 13. Hence, a length and/or
a thickness of the individual core elements 11, 12, 13
may be adapted depending on the respective frequen-
cies.

[0053] Alternatively, it may be also possible to use dif-
ferent materials for the core elements 11, 12, 13. For
example, a different material may be used for each of
the core elements 11, 12, 13. For example, customized
materials for magnetic cores are available from Ferrox-
cube. However, any other appropriate material fora mag-
netic core, in particular customized materials for magnet-
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ic cores may be also used. As already explained above,
higher frequencies will only magnetize inner magnetic
cores 11, and lower frequencies may also magnetize out-
er magnetic cores 13. Thus, by selecting appropriate ma-
terials for each of the magnetic core elements 11,12, 13,
the frequency characteristics of the magnetic core 1 may
be adapted accordingly. For example, Ferroxcube 4C5
may be used for an inner core which is magnetized by
higher frequencies, and Ferroxcube N30 may be used
for an outer core element 12 or 13 which is also magnet-
ized by lower frequencies.

[0054] The heatsinks 21, 22 may comprise any appro-
priate material for conducting the thermal energy which
is generated in the magnetic core 1. For example, the
heatsinks 21, 22 may comprise a metal and/or aceramic.
However, any other appropriate material, for example a
polymer such as polytetrafluoroethylene (PTFE, Teflon)
may be also used as a heat sink. The heat sinks 21, 22
may dissipate the thermal energy generated in the core
elements 11, 12, 13. For example, parasitic resonances
may be eliminated and the energy of these parasitic res-
onances may be converted to thermal energy which is
dissipated by the heat sinks 21, 22.

[0055] Incasetheheatsinks 21,22 maycomprise elec-
trically conductive material, e.g. a metal, the heat sinks
21, 22 may also provide a shield against stray fields. In
this way, the shielding may providing a further improve-
ment with respect to the high frequency performance.
[0056] Fig. 3 shows aschematic drawing of a magnetic
core 1 according to a further embodiment. Further to the
core elements 11, 12, 13 and the heat sinks 21, 22 as
described above, the core element 1 in this embodiment
comprises an additional cooler 30. The cooler 30 may be
thermally coupled with the heat sinks 21, 22. Accordingly,
cooler 30 may dissipate the thermal energy which is con-
ducted from the core elements 11, 12, 13 to the cooler
30. Cooler 30 may be a passive cooler comprising cooling
elements for emitting the thermal energy. Alternatively,
cooler 30 may be an active cooler. For example, cooler
30 may comprise a fan for providing a forced air cooling.
In another embodiment, cooler 30 may be a cooler com-
prising a fluid cooling system. For example, water or an-
other fluid may be used for dissipating the thermal energy
from the heat sink to the environment. For this purpose,
a pump (not shown) may be used for pumping around
the fluid. However, it is understood that any other kind of
cooler 30 may be also applied for dissipating the thermal
energy.

[0057] Fig. 4 shows a schematic circuit diagram of a
balun 2 according to an embodiment. As can be seen in
Fig. 4, the balun 2 comprises an unbalanced port 100. A
first terminal 101 of the unbalanced port may be ground-
ed. Another terminal 102 of the unbalanced port 100 may
be connected with a signal line. For example, the unbal-
anced port may be connected with a coaxial cable 300.
However, any other cable may be also used. The cable
300 may be arranged in the inner part of the magnetic
core 1. The other end of the cable 300 may be connected
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with a balanced port 200. The balanced port 200 may
comprise a first terminal 201 and a second terminal 202.
For example, the first terminal 201 may be connected
with an inner conductor of the coaxial cable 300 and the
second terminal 202 may be connected with the shielding
of the coaxial cable 300.

[0058] Fig. 5 shows a further embodiment of a balun
2. The balun 2 according to Fig. 5 comprises two cables
301, 302. Afirst terminal 101 of the unbalanced port 100
may be connected with an inner connector of the second
coaxial cable 302. A second terminal 102 of the unbal-
anced port 100 may be connected with an inner connec-
tor of the first coaxial cable 301 and the shielding of the
second coaxial cable 302. Furthermore, the shielding of
the first coaxial cable 301 and the second coaxial cable
302 may be connected with each other at the position of
the balanced port 200. Furthermore, the inner connector
of the first coaxial cable 301 may be connected with a
first terminal 201 of the balanced port 200, and the inner
connector of the second coaxial cable 302 may be con-
nected with the second terminal 202 of the balanced port
200. A magnetic core 1 may be arranged around each
of the coaxial cables 301 and 302.

[0059] The above described embodiments of a balun
according to Fig. 4 and Fig. 3 only show two exemplary
embodiments. However, itis understood that the present
invention is not limited to the above-mentioned baluns 2.
Furthermore, the magnetic core 1 according to the
presentinvention may be used for any other kind of balun
for coupling an unbalanced line with a balanced line.
[0060] For the sake of clarity in the following descrip-
tion of the method based on Fig. 6, the reference signs
above in the description of the magnetic core 1 and the
balun 2 based on Figs. 1 to 5 will be maintained.
[0061] Fig. 6 shows a block diagram of a method for
manufacturing a magnetic core for a balun. The method
comprises a step S1 of providing a number of at least
two core elements 11, 12, 13, and a step S2 of providing
at least one heat sink 21, 22. Further, the method com-
prises a step S3 ofarranging the number of core elements
11, 12, 13 and the at least one heat sink 21, 22 concen-
trically. In particular, the at least one heat sink 21, 22 is
arranged between the number of core elements 11, 12,
13.

[0062] The method may further comprise astep of ther-
mally coupling a cooler 30 with the at least one heat sink
21, 22.

[0063] Summarizing, the present invention relates to
a magnetic core for a balun and a balun with such a mag-
netic core. In particular, a magnetic core is provided com-
prising multiple core elements, wherein the individual
core elements are concentrically arranged. Furthermore,
a heat sink is arranged between two adjacent core ele-
ments. By using multiple core elements for a magnetic
core, the individual core elements can be adapted to dif-
ferent frequency ranges. In this way, the magnetic core
may be used for a balun having a broad frequency range.
Furthermore, thermal energy generated in the magnetic
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core can be dissipated by the heat sinks between the
individual core elements. In this way, the power handling
capability of the magnetic core and the balun with such
a magnetic core is enhanced.

Claims

1. A magnetic core (1) for a balun (2), the magnetic
core (1) comprising:

a number of at least two core elements (11, 12,
13); and

at least one heat sink (21, 22);

wherein the number of core elements (11, 12,
13) and the at least one heat sink (21, 22) are
arranged concentrically, and the at least one
heat sink (21, 22) is arranged between the
number of core elements (11, 12, 13).

2. The magnetic core (1) according to claim 1, compris-
ing at least three core elements (11, 12, 13) and at
least two heat sinks (21, 22).

3. The magnetic core (1) according to claim 1 or 2,
wherein each core element (11, 12, 13) of the
number of core elements (11, 12, 13) comprises a
ferrite.

4. The magnetic core (1) according to any of claims 1
to 3,
wherein each core element (11, 12, 13) of the
number of core elements (11, 12, 13) comprises a
same material.

5. The magnetic core (1) according to any of claims 1
to 3,
wherein the materials of each core element (11, 12,
13) of the number of core elements (11, 12, 13) are
different.

6. The magnetic core (1) according to any of claims 1
to 5,
wherein the atleast one heat sink (21, 22) comprises
a metallic or ceramic material.

7. The magnetic core (1) according to any of claims 1
to 6,
wherein each core element (11, 12, 13) of the
number of core elements (11, 12, 13) is adapted to
achieve a predetermined bandwidth of the balun (2).

8. The magnetic core (1) according to any of claims 1
to 7,
wherein the number of core elements (11, 12, 13)
and/or the at least one heat sink (21, 22) has a cy-
lindrical shape, in particular a hollow cylindrical
shape.
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The magnetic core (1) according to any of claims 1
to 8,

wherein each of the at least one heat sinks (21, 22)
is arranged in thermal connection with two adjacent
core elements (11, 12, 13).

The magnetic core (1) according to any of claims 1
to 9, comprising a cooler (30) thermally coupled with
the at least one heat sink (21, 22),

wherein the cooler (30) is adapted to dissipate ther-
mal energy from the at least one heat sink (21, 22).

The magnetic core (1) according to claim 10, wherein
the cooler (30) comprises a liquid cooling device,
and/or

wherein the cooler (30) comprises an air cooling de-
vice.

A balun (2) comprising at least one magnetic core
(1) according to any of claims 1 to 11.

The balun (2) according to claim 12, wherein the bal-
un (2) comprises a symmetrical balun.

A method for manufacturing a magnetic core (1) for
a balun (2), the method comprising:

providing (S1) a number of at least two core el-
ements (11, 12, 13);

providing (S2) atleastone heatsink (21,22); and
arranging (S3) the number of core elements (11,
12, 13) and the at least one heat sink (21, 22)
concentrically,

wherein the at least one heat sink (21, 22) is
arranged between the number of core elements
(11,12, 13).

The method according to claim 14, comprising ther-
mally coupling a cooler (30) with the atleast one heat
sink (21, 22) .
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